Objective: Hyponatremia after SAH was the object of several studies with conflicting results. The aim of this study was to determine a predictive correlation of hyponatremia with delayed cerebral ischemia (DCI) and poor clinical outcome.
Introduction
Patients with subarachnoid hemorrhage often develop hyponatremia during the first two weeks after the cerebral aneurysm rupture. Hyponatremia prevalence rates are approximately 30-55% (1) (2) (3) . The etiology of hyponatremia is still unclear but it is probably mediated by hypothalamic injury secondary to SAH. This injury leads either to increased secretion of antidiuretic hormone, which causes the syndrome of inappropriate antidiuretic hormone (SIADH), or to Cerebral salt wasting (CSW) caused by enhanced release of atrial natriuretic peptide, brain natriuretic peptide, dendroaspis natriuretic peptide, adrenomedullin or noradrenaline (4) (5) (6) (7) (8) (9) (10) (11) . Regardless of the etiology, hyponatremia could deteriorate the neurological condition of SAH patients and severe hyponatremia increases the risk of mortality and morbidity (12) .
Delayed cerebral ischemia (DCI) is a major cause of morbidity and mortality after aneurysmal subarachnoid hemorrhage. DCI is a term applied to any neurological deterioration (hemiparesis,dysphasia, altered consciousness) presumed related to ischemia that persists for more than an hour and cannot be explained by other physiological abnormalities noted on standard radiographic, electrophysiologic or laboratory findings (12) (13) (14) .
The predictive value of hyponatremia on clinical outcome and correlations between DCI and hyponatremia was a subject of some studies but the results were inconsistent (2, 3, (15) (16) (17) . These results did not confirm or negate a possible connection, and our study is an attempt to provide a new contribution in resolving this potentially very interesting matter.
The aim of this retrospective study is to determine the incidence of hyponatremia after cerebral aneurysm rupture, clinical significance and predictive correlation with symptomatic cerebral vasospasm and poor clinical outcome.
Material and Methods
This retrospective study was approved by the Clinical centre of Vojvodina Ethics Committee. The medical records of all patients admitted to the Clinical centre of Vojvodina with spontaneous SAH between August 2008 and August 2010 were reviewed. All patients had subarachnoid hemorrhage diagnosed with computed tomography, and confirmed saccular aneurysm origin. Excluding criteria were 1) cerebral aneurysm of traumatic, fusiform or micotic origin. 2) death within 5 days after the SAH. 3) concomitant severe neurological, psychiatric or medical illnesses such as serious cardiac arrhythmia, myo-cardial infarction, congestive heart failure, advanced liver disease and renal failure.
All medical records from the intensive care and general neurosurgical high dependency units were reviewed.
The serum sodium levels of each patient in the study were reviewed during the entire period in hospital or until day 9 after the cerebral aneurysm ruptured. If the serum sodium level was measured more than once on a day, then the lowest level for that day was used in this analysis. For this study, hyponatremia was defined as an absolute value of <135 mmol/l occurring at any point in time during the first 9 days after SAH. As part of standard protocol, the level of serum sodium was measured at least once a day in ICU and once a day in neurosurgical HDU until day 9 after SAH was over. Frequency of serum sodium measurement after day 9 was determined by previous results or possible aggravation of neurological status.
The data reviewed included: • Demographic data like gender and age of patients.
• World Federation of Neurological Surgeons-WFNS score of neurological status on admission to hospital, information about aneurysm location and the period from rupture up to definitive treatment.
• Number of days in the intensive care unit
Clinical deterioration due to DCI in medical records was diagnosed and reviewed using defined clinical criteria (focal neurological impairment, CT and CT angiography (2, 13, 14, 18) .
Clinical outcome has been evaluated by the Glasgow Outcome Scale (GOS) where each patient is indicated by a corresponding number on a scale from 1 (dead) to 5 (almost complete recovery), based on data from medical records at hospital discharge (19) . A Glasgow Outcome Scale (GOS) score of less than 4 defined poor outcome.
Statistical analysis
For statistical data analysis we used SPSS 13.0 (SPSS Inc. Chicago, IL). We had one group with hyponatremia and the other group without hyponatremia. Differences between the groups were analyzed by Student's t test for normal distribution data and the Mann-Whitney U test for data without normal distribution. For non parametric data we used the chi-square test. The first binary enter logistic regression model evaluated the correlation of hyponatremia, WFNS grade, aneurysm size and location, rebleeding, age and gender with DCI and the second binary enter logistic regression analysed the influence of hyponatremia, WFNS grade, aneurysm location and size, rebleeding, age and gender on poor clinical outcome. A value p<0.05 was considered as statistically significant.
Results
The hospital charts of 95 patients with SAH were reviewed and 82 patients were identified for inclusion in the study. Thirty-two of the 82 patients (39%) developed hyponatremia. None of them had serum sodium below 130 mmol/l. The maximum duration of hyponatremia was 3 days. Demographic characteristics, neurological status and basic characteristics of aneurysms in both groups are presented in Table 1 .
Patients in the hyponatremia group had significantly higher WFNS score on admission to hospital (p=0.035). Table 2 .
Variables
In the normonatremia group, we had significantly fewer days in the intensive care unit after the intervention (p=0.001). Cerebral vasospasm with transit or definitive deficit included 20 patients (62%) in the hyponatremia group and 19 patients (38%) in the normonatremia group (p=0.03).
We also had a significantly better GOS level at hospital discharge in patients without hyponatremia compared to patients with hyponatremia (p=0.003). In the hyponatremia group, there were 11 patients with good outcome (GOS level 4 or 5) and 21 patients with poor outcome (GOS level 1, 2 or 3) . The normonatremia group included 40 patients with good outcome and 10 with poor outcome.
The binary enter logistic regression model revealed a significant correlation of hyponatremia with clinical deterioration due to DCI (p=0.03; OR=2.71; 95% CI=1.08-6.79) and poor clinical outcome (p=0.001; OR=7.63; 95% CI=2.77-20.88). This increased risk was independent of age, gender, WFNS, rebleeding, aneurysm size and location.
Discussion
Complete medical treatment, including fluid management for both groups, was carried out according to hospital SAH protocol and therefore was completely uniform for all patients. For prophylaxis of DCI, euvolemia or mild hypervolemia was induced during the first 3 days after SAH with very similar intensity between the two groups. Control of the serum and urine osmolarity, sodium in urine and central venous pressure was a standard measure in prevention of fluid restriction and therapy guide for daily fluid intake in the case of hyponatremia. Mild hypertonic saline solution (1.5%) was used to correct mild hyponatremia (130-134 mmol/l) if it continued for more than two days. Normal saline (0.9%) was the only type of crystalloid used in both groups. Colloid, intermittently used for the purpose of cerebral ischemia prevention and 3H therapy was 6% HES 130/0.4.
The proportion of SAH patients with hyponatremia in this study is similar to data presented by Qureshi et al. and Chandy et al. (2, 3) . The presence of a higher WFNS score as a known predictor of disease severity in the hyponatremia group was not a surprise for us. Our data correlate with the results of Sayama et al. (20) , where patients with hyponatremia had a higher Hunt Hess score, but distinct from the results of Qureshi et al. where the GCS score at admission were similar between the hypo and normonatremia groups. A study by Zheng and al. (17) has positive correlations between hyponatremia and cerebral infarction but only for WFNS grade 4 or 5 patients and for hyponatremia which developed after 3 days post SAH.
The percentage of patients with DCI is higher than in the literature. This may be a result of the inconsistency in definition of DCI in different studies or a certain deficiency in our hospital SAH protocol. Data from our study about the con- A significantly longer duration of stay in ICU for patients with hyponatremia has revealed the perspective of more medical complications and higher hospital costs.
Observing predictive correlations between hyponatremia and poor outcome, we have found a certain connection which conflicts with the results of Qureshi et al. and Zheng et al. (17) This study has less statistical power than leading studies which we compared, but the results are still very interesting and imply a possible use of hyponatremia as an additional predictor of developing clinical deterioration due to DCI.
We are aware that this study has several limitations. Due to the retrospective design, insufficient numbers of patients, uneven selection of patients, and data limited only to medical records, certain complications and problems could have been missed. The important observation of whether hyponatremia predates DCI could not be made because of lack of time precision in several records.
Conclusion
The obtained results in this study suggest certain correlation between hyponatremia, DCI and clinical outcome. New prospective and randomized studies are needed to determine whether strict monitoring and treatment of hyponatremia can influence on functional outcome and we are preparing performance of that type of study.
